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Introduction 
• Knowledge flows  
• Backward references in patent documents 
– Descriptive breakdowns (Narin & Noma 1985, Tijssen 2001, 
Callaert et al 2006)   
– Determinants of localisation of knowledge spillovers (Jaffe & 
Trajtenberg 1996) and forward references (Harhoff et al 1999) 
• Gap: never used as the explained variable 
• Relevance: country characteristics of the applicant 
– Quality of the innovation infrastructure 
– Composition of R&D by institutional sector 
– Moderating role of public-private cooperation 
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National institutional context 
• National innovation systems (Freeman, 1987; Lundvall, 1992; Nelson, 
1993; Edquist, 1997) 
• Technology, as a key innovation driver –a strongly contextual process 
influenced by organizational and institutional forces 
• Many actors involved –regional, sectoral or technological 
• Distributed problem-solving (Consoli and Mina, 2009) 
• Evaluation and comparison of national innovation performances (Porter 
and Stern, 2001; Balzat and Pyka, 2006; Castellacci, 2008) 
• National innovative capacity (Furman et al., 2002)  
• Alternative proposals (Nasierowski and Arcelus, 2000; Archibugi and 
Castellacci, 2008) 
• Growing gap between leaders and laggards due to structural factors –
quality of the innovation infrastructure 
• Hypothesis 1. The quality of the innovation infrastructure influences 
positively knowledge flows 
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Composition of R&D by institutional 
sector (funding and expenditure) 
• Positive effect of share of business R&D funding on number of patents 
(Furman et al 2002; Furman & Hayes 2004; Hu & Matthews 2005; Hu & 
Matthews 2008; Doyle & Connor 2013) 
• But business firms tend to fund corporate R&D that is privately profitable 
(Nelson, 1959; Arrow, 1962; Wallsten 2000) and incremental innovations 
with scarce knowledge flows (Azagra-Caro et al 2009) 
• Effect of share of university R&D expenditure on number of patents: 
positive (Furman et al 2002; Buesa et al 2002; Hu & Matthews 2008), not 
significant (Furman & Hayes 2005; Hu & Matthews 2005) or context-
dependent (Doyle & Connor 2013) 
• But universities tend to spend proportionately more in countries where 
they perform applied research, i.e. where they have a narrower scope 
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Higher education expenditure on R&D in 
Eurostat countries, 1988-2005 
Observations Mean Correlation with share of 
gross expenditure on 
R&D 
Share of gross expenditure on R&D 414 .25 1.00 
Percentage of gross domestic product 453 .32 0.11 
Share of business funding 389 .07 0.21* 
Share of basic research 197 .54 -0.43* 
Composition of R&D by institutional 
sector (funding and expenditure) 
• Positive effect of share of business R&D funding on number of patents 
(Furman et al 2002; Furman & Hayes 2004; Hu & Matthews 2005; Hu & 
Matthews 2008; Doyle & Connor 2013) 
• But business firms tend to fund corporate R&D that is privately profitable 
(Nelson, 1959; Arrow, 1962; Wallsten 2000) and incremental innovations 
with scarce knowledge flows (Azagra-Caro et al 2009) 
• Effect of share of university R&D expenditure on number of patents: 
positive (Furman et al 2002; Buesa et al 2002; Hu & Matthews 2008), not 
significant (Furman & Hayes 2005; Hu & Matthews 2005) or context-
dependent (Doyle & Connor 2013) 
• But universities tend to spend proportionately more in countries where 
they perform applied research, i.e. where they have a narrower scope 
• Hypothesis 2. Patents originating from national innovation systems with 
higher shares of business funding of R&D relative to other sources, and 
higher shares of public expenditure of R&D relative to other performers, 
will capture fewer knowledge flows 
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Moderating role of cooperation 
• Resource pooling, economies of scope and enhanced access to 
specialized expertise and instrumentation (Hagedoorn et al., 2000; Katz 
and Martin, 1997) 
• A vehicle to reduce uncertainty (Nelson, 1990; Metcalfe, 2002) 
• Innovation by means of incremental feedbacks via collaboration (Kline and 
Rosenberg 1986; Lundvall, 1992; Nelson, 1993) 
• University-industry-government cooperation –alignment of academic 
excellence with commercial potential (Ranga and Etzkowitz, 2013) 
• Much empirical evidence on the positive effect of cooperation on 
knowledge creation for firms (Howells, 2000; De Bresson and Amesse, 
1991; Mansfield, 1998) and academics (Van Looy et al 2004) 
• Hypothesis 3. Public-private cooperation between individuals positively 
moderates the relationship between the national share of business R&D 
funding or the national share of university R&D expenditure and 
knowledge flows 
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Econometric model 
 
• i=patent, j=applicant, k= country of applicant, t=year of 
application 
 
H1: ↑ pcGDP, sHTE, GERD → ↑ nbackref 
H2: ↑ sBFRD, sHERD → ↓ nbackref 
H3: ↑ sBFRDxPPC, sHERDxPPC → ↑ nbackref 
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Data: EPO patents 1990-2007 (Patstat) 
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649,091 patents 
708,452 applicants 
8,985 missing 
information 
4,497 outliers 
694,970 valid 
observations 
131,610 without 
data on 
independent 
variables 
563,360 with data on 
independent 
variables 
1.1 applicants per 
patent 
Mean number of references per patent in 
the top applicant countries (n= 563,360) 
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Negative binomial estimation of the 
number of backward references 
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  1  
Baseline 
2 
Selected marginal 
effects 
3 
+ Moderation 
terms 
4 
Selected marginal 
effects 
epopct 0.15***   0.15***   
appy 0.23***   0.22***   
A Human Necessities 0.14***   0.14***   
B Performing Operations; Transporting 0.02***   0.02***   
C Chemistry; Metallurgy 0.15***   0.15***   
D Textiles; Paper -0.02***   -0.02***   
E Fixed Constructions 0.00   0.00   
F Mechanical Engineering; Lighting; 
Heating; Weapons; Blasting 
0.06***   0.06***   
G Physics 0.05***   0.05***   
H Electricity -0.01***   -0.01***   
Individual 0.03***   0.03***   
Nonprofit 0.15***   0.15***   
University 0.24***   0.24***   
Government 0.14***   0.14***   
Hospital 0.27***   0.27***   
Public-private cooperation 0.11***   0.13***   
Non-EU27 co-applicants -0.01   -0.01   
Per capita GDP 0.00*** 0.00** 0.00*** 0.00** 
sHTE 0.14*** 0.70** 0.14*** 0.71** 
GERD 0.00*** 0.00** 0.00*** 0.00** 
sBFRD -0.20*** -0.97** -0.20*** -0.98** 
sHERD -0.06*** -0.30** -0.06*** -0.32** 
Constant -3.08***   -3.05***   
sBFRD x Public-private cooperation     0.52*** 2.56** 
sHERD x Public-private cooperation     0.67*** 3.29** 
Observations 563,360   563,360   
Negative binomial estimation of the 
number of backward references 
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  1  
Baseline 
2 
Selected marginal 
effects 
3 
+ Moderation 
terms 
4 
Selected marginal 
effects 
epopct 0.15***   0.15***   
appy 0.23***   0.22***   
A Human Necessities 0.14***   0.14***   
B Performing Operations; Transporting 0.02***   0.02***   
C Chemistry; Metallurgy 0.15***   0.15***   
D Textiles; Paper -0.02***   -0.02***   
E Fixed Constructions 0.00   0.00   
F Mechanical Engineering; Lighting; 
Heating; Weapons; Blasting 
0.06***   0.06***   
G Physics 0.05***   0.05***   
H Electricity -0.01***   -0.01***   
Individual 0.03***   0.03***   
Nonprofit 0.15***   0.15***   
University 0.24***   0.24***   
Government 0.14***   0.14***   
Hospital 0.27***   0.27***   
Public-private cooperation 0.11***   0.13***   
Non-EU27 co-applicants -0.01   -0.01   
Per capita GDP 0.00*** 0.00** 0.00*** 0.00** 
sHTE 0.14*** 0.70** 0.14*** 0.71** 
GERD 0.00*** 0.00** 0.00*** 0.00** 
sBFRD -0.20*** -0.97** -0.20*** -0.98** 
sHERD -0.06*** -0.30** -0.06*** -0.32** 
Constant -3.08***   -3.05***   
sBFRD x Public-private cooperation     0.52*** 2.56** 
sHERD x Public-private cooperation     0.67*** 3.29** 
Observations 563,360   563,360   
Patent  
characteristics 
Negative binomial estimation of the 
number of backward references 
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  1  
Baseline 
2 
Selected marginal 
effects 
3 
+ Moderation 
terms 
4 
Selected marginal 
effects 
epopct 0.15***   0.15***   
appy 0.23***   0.22***   
A Human Necessities 0.14***   0.14***   
B Performing Operations; Transporting 0.02***   0.02***   
C Chemistry; Metallurgy 0.15***   0.15***   
D Textiles; Paper -0.02***   -0.02***   
E Fixed Constructions 0.00   0.00   
F Mechanical Engineering; Lighting; 
Heating; Weapons; Blasting 
0.06***   0.06***   
G Physics 0.05***   0.05***   
H Electricity -0.01***   -0.01***   
Individual 0.03***   0.03***   
Nonprofit 0.15***   0.15***   
University 0.24***   0.24***   
Government 0.14***   0.14***   
Hospital 0.27***   0.27***   
Public-private cooperation 0.11***   0.13***   
Non-EU27 co-applicants -0.01   -0.01   
Per capita GDP 0.00*** 0.00** 0.00*** 0.00** 
sHTE 0.14*** 0.70** 0.14*** 0.71** 
GERD 0.00*** 0.00** 0.00*** 0.00** 
sBFRD -0.20*** -0.97** -0.20*** -0.98** 
sHERD -0.06*** -0.30** -0.06*** -0.32** 
Constant -3.08***   -3.05***   
sBFRD x Public-private cooperation     0.52*** 2.56** 
sHERD x Public-private cooperation     0.67*** 3.29** 
Observations 563,360   563,360   
Applicant  
characteristics 
Negative binomial estimation of the 
number of backward references 
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  1  
Baseline 
2 
Selected marginal 
effects 
3 
+ Moderation 
terms 
4 
Selected marginal 
effects 
epopct 0.15***   0.15***   
appy 0.23***   0.22***   
A Human Necessities 0.14***   0.14***   
B Performing Operations; Transporting 0.02***   0.02***   
C Chemistry; Metallurgy 0.15***   0.15***   
D Textiles; Paper -0.02***   -0.02***   
E Fixed Constructions 0.00   0.00   
F Mechanical Engineering; Lighting; 
Heating; Weapons; Blasting 
0.06***   0.06***   
G Physics 0.05***   0.05***   
H Electricity -0.01***   -0.01***   
Individual 0.03***   0.03***   
Nonprofit 0.15***   0.15***   
University 0.24***   0.24***   
Government 0.14***   0.14***   
Hospital 0.27***   0.27***   
Public-private cooperation 0.11***   0.13***   
Non-EU27 co-applicants -0.01   -0.01   
Per capita GDP 0.00*** 0.00** 0.00*** 0.00** 
sHTE 0.14*** 0.70** 0.14*** 0.71** 
GERD 0.00*** 0.00** 0.00*** 0.00** 
sBFRD -0.20*** -0.97** -0.20*** -0.98** 
sHERD -0.06*** -0.30** -0.06*** -0.32** 
Constant -3.08***   -3.05***   
sBFRD x Public-private cooperation     0.52*** 2.56** 
sHERD x Public-private cooperation     0.67*** 3.29** 
Observations 563,360   563,360   
H1 
Negative binomial estimation of the 
number of backward references 
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  1  
Baseline 
2 
Selected marginal 
effects 
3 
+ Moderation 
terms 
4 
Selected marginal 
effects 
epopct 0.15***   0.15***   
appy 0.23***   0.22***   
A Human Necessities 0.14***   0.14***   
B Performing Operations; Transporting 0.02***   0.02***   
C Chemistry; Metallurgy 0.15***   0.15***   
D Textiles; Paper -0.02***   -0.02***   
E Fixed Constructions 0.00   0.00   
F Mechanical Engineering; Lighting; 
Heating; Weapons; Blasting 
0.06***   0.06***   
G Physics 0.05***   0.05***   
H Electricity -0.01***   -0.01***   
Individual 0.03***   0.03***   
Nonprofit 0.15***   0.15***   
University 0.24***   0.24***   
Government 0.14***   0.14***   
Hospital 0.27***   0.27***   
Public-private cooperation 0.11***   0.13***   
Non-EU27 co-applicants -0.01   -0.01   
Per capita GDP 0.00*** 0.00** 0.00*** 0.00** 
sHTE 0.14*** 0.70** 0.14*** 0.71** 
GERD 0.00*** 0.00** 0.00*** 0.00** 
sBFRD -0.20*** -0.97** -0.20*** -0.98** 
sHERD -0.06*** -0.30** -0.06*** -0.32** 
Constant -3.08***   -3.05***   
sBFRD x Public-private cooperation     0.52*** 2.56** 
sHERD x Public-private cooperation     0.67*** 3.29** 
Observations 563,360   563,360   
H2 
Negative binomial estimation of the 
number of backward references 
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  1  
Baseline 
2 
Selected marginal 
effects 
3 
+ Moderation 
terms 
4 
Selected marginal 
effects 
epopct 0.15***   0.15***   
appy 0.23***   0.22***   
A Human Necessities 0.14***   0.14***   
B Performing Operations; Transporting 0.02***   0.02***   
C Chemistry; Metallurgy 0.15***   0.15***   
D Textiles; Paper -0.02***   -0.02***   
E Fixed Constructions 0.00   0.00   
F Mechanical Engineering; Lighting; 
Heating; Weapons; Blasting 
0.06***   0.06***   
G Physics 0.05***   0.05***   
H Electricity -0.01***   -0.01***   
Individual 0.03***   0.03***   
Nonprofit 0.15***   0.15***   
University 0.24***   0.24***   
Government 0.14***   0.14***   
Hospital 0.27***   0.27***   
Public-private cooperation 0.11***   0.13***   
Non-EU27 co-applicants -0.01   -0.01   
Per capita GDP 0.00*** 0.00** 0.00*** 0.00** 
sHTE 0.14*** 0.70** 0.14*** 0.71** 
GERD 0.00*** 0.00** 0.00*** 0.00** 
sBFRD -0.20*** -0.97** -0.20*** -0.98** 
sHERD -0.06*** -0.30** -0.06*** -0.32** 
Constant -3.08***   -3.05***   
sBFRD x Public-private cooperation     0.52*** 2.56** 
sHERD x Public-private cooperation     0.67*** 3.29** 
Observations 563,360   563,360   
H3 
Patent vs. non-patent literature (ZINB) 
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  1 
Patent literature 
2 
Selected marginal 
effects 
3 
Non-patent 
literature 
4 
Selected marginal 
effects 
epopct 0.03***   0.97***         
appy 0.19***   0.15           
A Human Necessities 0.07***   0.28***           
B Performing Operations; Transporting 0.11***   -0.98***           
C Chemistry; Metallurgy -0.06***   0.88***           
D Textiles; Paper 0.06***   -0.82***           
E Fixed Constructions 0.07***   -1.60***           
F Mechanical Engineering; Lighting; 
Heating; Weapons; Blasting 
0.13***   -1.29***           
G Physics -0.04***   0.50***           
H Electricity -0.07***   0.39***           
Individual 0.06***   -0.19***           
Nonprofit -0.09***   0.49***           
University -0.20***   0.58***           
Government -0.14***   0.46***           
Hospital -0.25***   0.57***           
Public-private cooperation -0.06***   0.30***           
Non-EU27 co-applicants -0.09***   0.17***           
Per capita GDP 0.00*** 0.00** 0.00*** 0.00**   
sHTE 0.05*** 0.20** 0.41*** 0.28**   
GERD 0.00*** 0.00** -0.00*** -0.00**  
sBFRD -0.12*** -0.51** -0.45*** -0.31**  
sHERD 0.02 0.08 -0.51*** -0.35**  
sBFRD x Public-private cooperation -0.01 -0.04 1.78*** 1.21**   
sHERD x Public-private cooperation -0.38 -1.60 2.26*** 1.53**   
Constant -2.41***   -3.51*           
Observations 563,360 563,360 563,360 563,360  
Conclusions and implications 
• Quality of innovation infrastructure influences positively knowledge flows 
• Composition of R&D by institutional sector (funding and expenditure) 
matters for knowledge flows 
– And matters in the opposite way than for promoting patenting (trade-off 
between patenting and knowledge flows) 
– Convenience of setting targets for share of business R&D funding and share of 
university R&D expenditure 
– ‘National innovative capacity’ perspective –no proper empirical evidence on the 
effect of university R&D on patents 
• Public-private cooperation positively moderates the relationship between 
composition of R&D and knowledge flows 
– Individual characteristics change the influence of adverse national contexts 
– A new advantage of promoting knowledge sharing, mainly for acknowledging 
basicness in corporate technology 
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Limitations and future research 
• Examiner vs. applicant references (Criscuolo & 
Verspagen 2008, Azagra et al 2011) 
• Better proxies/composite indicators of quality of 
the innovation infrastructure  
• Ambiguous relation between GERD and NPL 
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